A novel starch was isolated from litchi kernel and compared with mango kernel starch. The properties studies were physicochemical, morphological, pasting, rheological, X-ray diffraction, and morphological. Litchi kernel starch had significantly (p < 0.05) higher amylose content and solubility, whereas its swelling power and paste clarity were lower than mango kernel starch. Peak viscosity and breakdown viscosity of litchi kernel starch were lower than mango kernel starch; however, it showed higher setback viscosity. The scanning electron microscopy revealed the presence of starch granules varying in size and shape from small to large and oval to elliptical, respectively, in litchi kernel starch. The mean length of small and large litchi starch granules was 9.52 and 50 µm, respectively, while the mean breadth of small and large litchi starch granules was 7.14 and 35.7 µm, respectively. X-ray diffractions of both litchi and mango kernel starches showed typical A-type patterns. During heating, litchi kernel starch showed higher peak G' (storage modulus), G'' (loss modulus), and breakdown in G' in comparison to mango kernel starch. The peak tan δ of litchi and mango kernel starch was <1, which indicated that both litchi and mango kernel starches were more elastic than viscous.
Introduction
Litchi (Litchi chinensis) belongs to the Sapindaceae family, and it is native to subtropical areas of Southern China. It is grown commercially in many subtropical areas, such as Israel, Australia, Thailand, Taiwan, India, Vietnam, parts of Africa, and at higher elevations in Mexico and Central and South America. The top five world litchi producing countries are China, India, Taiwan, Thailand, and Vietnam. According to Indian Horticulture Database, [1] There were 5.85 lakh tones of litchi produced annually in India. The productivity of litchi in India is relatively higher compared to other growing regions, averaging about 7 metric tons per hectare. The various cultivars of litchi vary widely not only in texture, size, shape, and color due to cultivar differences, but also in the levels of biochemical composition. [2] The fruit is small, round, oval, and borne in loose clusters. Mango (Mangifera indica) is an important fruit crop cultivated in tropical regions. Among fruits, mango occupies top position in India, covering an area of roughly 2.5 million hectares. [3] The total mango production in world was about 4,33,00,069 tons and India had the highest share (1,80,02,000 tons). [3] Depending on the variety, mango kernels contains about 77% carbohydrate on the dry weight basis; [4] while Garg and Tandon [5] reported 58% starch, 2.9% reducing sugars, 0.8% pectin, and 1.1% tannins in mango kernels.
Starch is the most abundant polysaccharide after cellulose and is deposited in partially crystalline granules varying in morphology and molecular structure between and within plant species. [6] It is the only qualitatively important digestible polysaccharide and has been regarded as nutritionally superior to low molecular weight carbohydrates or sugars. The use of both native and modified starches have rapidly increased for manufacturing of various fabricated foods. [7] Different starches have specific physicochemical and functional properties due to their different botanical sources. The physical properties of starch granules have been determined by the fine structure of the polysaccharide and the percentage distributions of amylose and amylopectin. [8] Various researchers have reported the structural and functional properties of starches from different sources such as seeds corn, [9] wheat, [10] rice, [11] and pigeon peas. [12] Thus, extensive research has been carried out on starch obtained from commercial important sources such as cereals, legumes, and tubers; however, limited work is reported on non-commercial starch sources particularly from kernels of fruits. Recently some work on characterization [13] and modification [14] of tamarind kernel starch has been reported.
After industrial processing, considerable amounts of mango and litchi kernels (seeds) are discarded as waste and creates problem for both industry and environment, therefore, if utilized as starch source it will minimize industrial waste and adds in profit. Therefore, the present study was carried out to isolate starch from litchi kernels as no information is available on its physico-chemical and functional properties. Starch from litchi and mango kernel were isolated and compared for their physicochemical, morphological, X-ray, and rheological properties.
Materials and methods

Materials
Litchi and mango were procured from a local market of Sirsa, India. All chemical and reagents used in study were of analytical grade. Various chemicals such as sodium hydrogen sulphite, potassium iodide, potassium hydroxide, were procured from Sigma-Aldrich (St. Louis, MO, USA). Resublimed iodine and hydrochloric acid were procured from Fisher Scientific (Mumbai, India). Ethyl alcohol was procured from Jiangsu Huaxi International (China).
Starch isolation
Starches were isolated using the method described by Kaur et al. [15] Litchi and mangos were washed, peeled, and the seeds were separated from the pulp using a pulper. Seeds were washed to remove any traces of adhering pulp and were cut into small pieces and steeped in distilled water containing 0.16% sodium hydrogen sulphite for 12 h at 50 o C. The steep water was drained off and the seeds were ground in a laboratory blender. The ground slurry was screened through nylon cloth (100 mesh). The material left on the nylon cloth was washed thoroughly with distilled water. The filtrate slurry was allowed to stand for 1 h. The supernatant was removed by suction and the settled starch layer was resuspended in distilled water and centrifuged (Remi R-247, Mumbai, India) in widemouthed cups at 10,800 × g for 5 min. The upper non-white layer was scraped off. The white layer was resuspended in distilled water and centrifuged three to four times. The starch was then collected and air dried at 40 o C in hot air oven (NSW-144, New Delhi, India).
Physicochemical properties of starches
The amylose content, swelling power (SP), solubility, and paste clarity of litchi and mango kernel starch were determined, using the method of Williams et al., [16] Schoch, [17] and Bello-Perez et al., [18] respectively. 
Pasting properties
Morphological properties
Scanning electron micrographs were taken by a Jeol JSM-6100 scanning electron microscope (Jeol Ltd., Tokyo, Japan). Litchi kernel starch was suspended in ethanol to obtain a 1% suspension. One drop of the starch-ethanol solution was applied to an aluminium stub using double-sided adhesive tape and the starch was coated with gold-palladium (60:40). An accelerating potential of 10 kV was used during micrography.
X-ray diffraction analysis
X-ray diffraction analysis was performed using as X-ray diffractometer (Philips, X'pert MPD high resolution XRD, Almelo, Netherlands) operated at 40 kV and 40 mA. Diffractograms were obtained from 4 o (2θ) to 30 o (2θ) using a scanning speed of 4 o /min.
Rheological properties
A small amplitude oscillatory rheological measurement was made for litchi and mango kernel starch with Modular Compact Rheometer-52 (Anton Paar, Austria), equipped with parallel plate system (4 cm diameter). The small amplitude measurements were performed to determine the effect of temperature on rheological behavior of starch suspensions. The gap size was set at 1000 µm. The strain and angular frequency were set at 2% and 10 rad/s, respectively. The dynamic rheological properties, such as storage modulus (G'), loss modulus (G''), and loss factor (tan δ) were determined. Starch suspensions of 15% (w/w) concentration were loaded onto the ram of the rheometer and covered with a thin layer of low-density silicon oil. The starch samples were subjected to temperature sweep test and were heated from 45 to 95 o C and cooled from 95 to 45 o C at a rate of 2 o C/min. The effect of storage at 10 o C for 10 h on the rheological behavior of starch pastes was also studied. The starch slurry (15%, w/w) was stirred for 30 min at 25 o C on the magnetic stirrer and then heated at 95 o C for 15 min in a water bath with mild agitation. Immediately after heating, the pastes were poured on the ram of rheometer preheated at 95 o C and the excess material was wiped off with spatula. The exposed sample was covered with a thin layer of silicon oil to prevent evaporation during heating. The strain, angular frequency, and heating rate of 2%, 10 rad/s and 2 o C/min, respectively, were used. The measurements were taken during cooling of paste from 95 to 10 o C, held for 10 h at 10 o C and subsequently heating from 10 to 95 o C at a rate of 2 o C/min.
Statistical analysis
Means (n = 3), standard deviation (SD), linear regression analysis and 95% confidence intervals were calculated using Microsoft Excel 2007 (Microsoft Corp., Redmond, WA). Data was subjected to a single way analysis of variance (ANOVA).
Results and discussion
Physicochemical properties of starches
Litchi kernel starch showed significantly (p < 0.05) higher amylose content in comparison to mango kernel starch. The amylose content of litchi and mango kernel starches was 19.2 and 16.9%, respectively (Table 1) . Similar values of amylose content were reported earlier for mango kernel starches by Kaur et al., [15] however, no information about litchi kernel starch is available in the literature. The amylose content of the starch granules varies with the botanical source of the starch and is affected by the climatic conditions and soil type during growth. [19] Litchi kernel starch showed significantly (p < 0.05) lower SP in comparison to mango kernel starch. The SP of the litchi and mango kernel starch at 90 o C was 17.13 and 21.73 (g/g), respectively ( Table 1 ). The SP observed for mango kernel starch was higher than that reported earlier by Kaur et al. [15] (18-19.7 g/g). Litchi kernel starch showed significantly (p < 0.05) higher solubility in comparison to mango kernel starch. The solubility of litchi and mango kernel starch at 90 o C was 14.17 and 11.90%, respectively. The solubility of mango kernel starch observed in our study was lower than those reported earlier by Kaur et al. [15] (14.1-14.9%). SP and solubility can be used to assess the extent of interaction between starch chains, within the amorphous and crystalline domains of the starch granule. [20] Starch swelling occurs concomitantly with loss of birefringence and precedes solubilization. [21] Litchi kernel starch showed significantly (p < 0.05) lower paste clarity in comparison to mango kernel starch. The values of paste clarity of litchi and mango kernel starches decreased from 5.66 to 0.46% and 8.96 to 1.16%, respectively, during storage at 4 o C after 120 h (Table 1) . Paste clarity provides the information on the behavior of starch paste when the light passes through it and depends on the swollen and non-swollen granule remnants. [9] Pasting properties of starches Starch can be widely applied in the food industry partially due to viscosity change of starch paste during heating and cooling. [22] The pasting properties of litchi and mango kernel starches are shown in Table 2 and Fig. 1 . Mango kernel starch showed a significantly (p < 0.05) higher peak and BV in comparison to litchi kernel starch. The PV of litchi and mango kernel starches was 1833 and 2092 mPa.s, respectively. The increase in viscosity with temperature may be attributed to the removal of water from the exuded amylose by the granules as they swell. [23] Litchi kernel starch showed significantly (p < 0.05) higher trough and the lower BV in comparison to mango kernel starch. TV of litchi and mango kernel starch was 1753 and 1646 mPa.s while BV of litchi and mango kernel starch was 78.6 and 443.3 mPa.s, Table 1 . Amylose content, swelling power, solubility, and paste clarity of litchi and mango kernel starches. Means with same superscript (uppercase) in a row do not vary significantly (p < 0.05) from each other. respectively. Litchi kernel starch showed significantly (p < 0.05) higher FV in comparison to mango kernel starch. FV of litchi and mango kernel starch was 3165 and 2383 mPa.s, respectively. The increase in FV might be due to the aggregation of the amylose molecules. [24] Litchi kernel starch showed significantly (p < 0.05) higher SV in comparison to mango kernel starch. SV of litchi and mango kernel starch was 1409 and 734 mPa.s, respectively. The high setback values shown by litchi kernel starch make them unsuitable for food applications where low syneresis rate is required such as in frozen and refrigerated food. [12] A non-significant (p < 0.05) difference was observed for PTs of both the starches. The PT of litchi and mango kernel starch was 82.4 and 83.2 o C, respectively. The high PT of both the starches indicates their higher resistance toward swelling. The pasting properties of starch were considered to be affected by its amylose content and chain-length distribution of amylopectin, with a larger proportion of long chains resulting in a lower PV if the starches had similar amylose content. [25] Morphological properties of starch
The scanning electron microscopy of litchi kernel starch shows the presence of starch granules varying in size and shape from small to large and oval to elliptical, respectively (Fig. 2) . The figure shows that mean length of small and large litchi starch granules was 9.52 and 50 µm, respectively, while the mean breadth of small and large litchi starch granules was 7.14 and 35.7 µm, respectively. Kaur et al. [15] reported that size of starch granules vary with plant species and variety. The surfaces of the majority of granules were smooth with no evidence of fissures when viewed at 300 and 1400× magnification. The morphology of starch granules depends on the biochemistry of the chloroplast or amyloplast, as well as physiology of the plant. [26] The membranes and the physical characteristics of the plastids may also be responsible for providing a particular shape or morphology to starch granules during granule development. [27, 28] X-ray diffraction X-ray diffraction is also known as fingerprint of the crystal structure within starch grains. On the basis of X-ray diffraction crystal structure of starch is of four types, i.e., A, B, C, and V. [29] The X-ray diffractogram for litchi kernel starch is shown in Fig. 3 . The X-ray diffractogram of litchi kernel starch shows A-type X-ray diffraction pattern, which is typically found in many cereal starches. Typically, X-ray diffraction of A-type starch shows first, second, and third peak at 15, 18, and 23 o , respectively. Litchi kernel starch showed strong reflections at 15 and 23 o (2θ) and an unresolved doublet at 17 and 18 o (2θ) which shows that this starch is of A-type starch. Sandhu and Lim [30] had earlier reported A-type X-ray diffraction for starch granules from mango kernels. The amylopectin of A-type starch is thought to contain a higher proportion of shorter branched chains [31] and a higher number of chains per cluster [32] than B-type starch.
Rheological properties of starches
The rheological properties of starches are dependent on several factors, such as type of starch, amylose/amylopectin ratio, starch concentration, pH, and the presence and concentration of other compounds. [33] The rheological properties of starches isolated from litchi kernel and mango kernel during temperature sweep testing are shown in Table 3 . During heating, litchi kernel starch showed significantly (p < 0.05) higher peak G' (storage modulus) and G'' (loss modulus) in comparison to mango kernel starch (Fig. 4) . The peak G' of litchi and mango kernel starch was 2303 and 1396 Pa, respectively. While, peak G'' of litchi and mango kernel starch was 268 and 162 Pa, respectively. During the heating cycle, the G' and G'' of litchi kernel starch was the highest at 82.6 o C and then decreased with increase in temperature. The initial increase in G' could be attributed to the degree of granular swelling which fill the entire available volume of the system. [34] Prolonged heating destroys the gel structure which resulted in decrease of G'. [35] Litchi kernel starch showed significantly (p < 0.05) higher breakdown in comparison to mango kernel starch. The breakdown in G' is the difference between peak G' at TG' and minimum G' at 90 o C. The breakdown in G' for litchi and mango kernel starch was 545 and 322 Pa, respectively. A non-significant (p < 0.05) difference was observed for peak tan δ and TG' for both starches. The TG' for litchi and mango kernel starch was 82.2 and 82.4 o C, respectively. The peak tan δ of litchi and mango kernel starch was <1, which indicates that litchi and mango kernel starches were more elastic than viscous. The loss factor, tan δ (G''/G') is the ratio of energy lost to energy stored during a cycle. [36] During cooling, litchi kernel starch showed significantly (p < 0.05) higher peak G' (storage modulus) and G'' (loss modulus) in comparison to mango kernel starch (Fig. 5 ). Both the starches had higher peak G' and G'' during cooling as compared to heating cycle which may be due to formation of hydrogen bonds. Hesarinejad et al. [37] reported that greater increase in G' could be attributed to the formation of a three-dimensional network structure due to the strong interactions. indicates a tendency of various constituents present in the hot paste (swollen granules, fragments of swollen granules, colloidally, and molecularly dispersed starch molecules) to associate or retrograde as the temperature of the paste decreased. [38] The peak G' for litchi and mango kernel starch was 164,115 and 7695 Pa, respectively, while peak G'' for litchi and mango kernel starch was 22,440 and 1434 Pa, respectively. During holding at 10 o C for 10 h the G' and G'' decreased with time. For litchi kernel starch G' decreased from 146,481 to 20,808 Pa while G'' decreased from 22,440 to 5645 Pa while for mango kernel starch G' decreased from 7747 to 5083 Pa while G'' decreased from 1288 to 290 Pa. During reheating the slight increase was noticed. This shows that the structures once formed on cooling did not disintegrate by reheating at the same scan rate.
Conclusions
Starches extracted from litchi and mango kernel showed significant differences in physicochemical, pasting, and rheological properties. Litchi kernel starch showed the higher values for amylose content and solubility, whereas SP and paste clarity were found lower as compared to mango kernel starch. PV was observed lower for litchi kernel starch. Litchi and mango kernel starches showed oval to elliptical shaped granules. The X-ray diffractogram for both litchi and mango kernel starches showed A type X-ray diffraction pattern which resembles cereal starches. Litchi kernel starch showed higher values for peak G' and G'' during heating and cooling in comparison to mango kernel starch which shows that litchi kernel starch have good gel strength and elasticity. Utilization of litchi kernels for starch properties would minimize waste and adds value to fruit processing industries. The present investigation enlightens the important properties of litchi kernel starch; therefore, it may help in proper utilization of this starch. Further work should be carried out on modifications of this starch and evaluation of its properties for their food and non-food utilization. 
